Pathogenic strains of Escherichia coli are the most common bacteria associated with urinary tract infections in both humans and companion animals. Standard biochemical tests may be useful in demonstrating detailed phenotypical characteristics of these strains. Thirteen strains of E. coli isolated from dogs with UTIs were submitted to biochemical tests, serotyping for O and H antigens and antimicrobial resistance testing.
INTRODUCTION
Escherichia coli is the most common pathogen associated with urinary tract infection (UTI) (5, 10, 30) . E. coli that are associated with UTI are commonly named uropathogenic isolates (UPEC), although there is evidence that different pathotypes may be related to UTI (19) . The term UPEC may not be entirely correct, because clones and virulence factors are Surface virulence factors of UPEC include several adhesins that are primarily fimbrial (5) . These fimbriae recognize receptors of the host cell surface and may improve bacterial adhesion. The P fimbria, which is encoded by the pap gene, is antigenically diverse due to peptide sequence variability within PapA (8, 14) . The S fimbria (encoded by sfa genes) has also been implicated in the process of UTI. This adhesin binds to epithelial and endothelial cell lines derived from the human urinary tract (5) . Factor Afa (encoded by afa gene) is an afimbrial adhesin, and together with P and S fimbriae, have been epidemiologically related to E. coli strains that cause UTI in humans and pets (4) .
In Brazil, the involvement of adhesins, toxins and other virulence factors of E. coli isolated of urinary infections, pyometra and feces from dogs have been described previously (2, 26, 28) Although molecular diagnostic techniques are becoming more accessible, many laboratories use phenotypical characterizations for routine diagnoses. Serotyping remains an important method for categorizing UPEC, because these strains represent a restrict number of O groups (O1, O2, O4, O6, O7, O18ac, O75, O16 and O15) and K groups (K1, K2, K3, K5, K12 and K13) (23) .
Biotyping, used together with serotyping, may be useful for strain differentiation in situations where patients are suffering recurrent infections, such as reinfections (with different organisms) or relapses (with the same organism) (9).
In these situations, phenotypical characteristics determined using standard biochemical tests may be useful biomarkers.
The presence of certain virulence genes may be accessory in order to elucidate if E. coli isolates may be harmful. For instance, an E. coli isolate previously detected in humans with neonatal meningitis contained the gene sfa (11) . Also, a previous work showed that genes papC and sfa are associated with E. coli from urinary samples when compared to rectal samples of dogs with UTI (12) The goal of this work was to compare potential phenotypic markers, presence of adhesins related to E. coli infection and clusters of isolates, using ERIC-PCR, in strains obtained from the urinary tract of dogs with UTIs, as well as the zonotic potential of isolates.
MATERIALS AND METHODS

Samples
Thirteen strains of E. coli were isolated from urine samples (collected aseptically through cystocentesis) from dogs that were diagnosed with UTIs and were being attended at UNESP -Univ Estadual Paulista, Jaboticabal, SP, Veterinary
Hospital. The strains were identified in the microbiology laboratory of the same university using MacConkey agar, blood agar and IMViC tests. Strain stocks were maintained on agar slants held at 4 °C. To determine their physiological characteristics, strains were inoculated in TSI agar and were submitted to several biochemical tests (indole production, methyl red, Voges-Proskauer, citrate, malonate, urease, lysine decarboxylase, arginine dihydrolase, ornitine decarboxylase, -galactosidase, phenylalanine deaminase, gelatinase, glucose, mannitol, inositol, sorbitol, sucrose, melibiose, dulcitol, xylose, maltose, raffinose, trehalose, mannose, fructose and motility) (15, 18) . The strains were then sent to a reference laboratory (Instituto Adolfo Lutz, São Paulo, Brazil) for serotype identification using sera against somatic (O) and flagellar (H) antigens (21) .
DNA templates
DNA templates were obtained using the thermal lysis procedure of Wani et al. (29) with slight modifications.
Bacterial strains were grown overnight in brain heart infusion (BHI) media at 35 °C, were pelleted by centrifugation at 12,000 x g for 1 min, resuspended in 200 l of sterile distilled water and were lysed by boiling for 10 min. Lysates were Adhesin identification in Escherichia coli centrifuged as described above, and 150 l of the supernatants were recovered. These supernatants were used as templates for PCR and ERIC-PCR.
PCR amplification of virulence genes
Multiplex PCR was used to detect papC, sfa and afa genes (17) in all E. coli strains except one (EC15).
ERIC-PCR
The E. coli strains were subjected to ERIC-PCR reactions Dendrogram clustering was done empirically.
Antimicrobial resistance testing and multiple antibiotic resistance (MAR) index
All E. coli isolates were subjected to disk diffusion tests 
Statistics
The specificities, sensitivities and likelihood ratios (LRs)
were calculated with the software MedCalc 11.5.1. and afa for all strains except one (EC15).
RESULTS
A dendrogram based on ERIC-PCR results had five
clusters (A, B, C, D and E), which are shown in Figure 1 and 
DISCUSSION
Several phenotypic properties and adhesins related to
infection by E. coli isolated from dogs with UTI were investigated in the current study, and our strains were grouped into five genetically related clusters.
EC18 was the sole strain comprising cluster A, and it was the only strain with the presence of genes sfa+ papC+ afa-.
EC18 and EC14 (cluster B) were the only strains that were negative in tests for lysine decarboxylase activity. Of the three strains in cluster C, one had the genotype sfa+, papC-, afa-(EC8) and was the only strain with this genotype that did not belong to cluster D. All strains in cluster D had the same genotype (sfa+, papC-, afa-) and did not ferment sucrose and raffinose. Strains that have the gene sfa are reported to generally also have the gene pap (7, 11, 30) .
However, some strains with sfa do not possess pap, such as strain O83:K1:H1 isolated from humans with neonatal meningitis (11) and isolates from feces of dogs and cats (30) .
E. coli serogroup O1 have been described in human UTI (10, 23) Among the 13 canine strains studied, two isolates from cluster E (EC 12 and EC 15) belonged to the same serogroup.
However, these strains did not possess any virulence factors studied.
Strain EC15 showed several differences with respect to sucrose, raffinose and the MAR index when compared to the other strains of this cluster (EC7 and EC12). We hypothesize that these results were due to different phenotypic expression.
In a previous work with E. coli from canine pyometra, the resistance to cephalotin was similar (69.2%) to this work, but the resistance to ampicillin (68.9%) was higher, while resistances to tetracycline (32.5%), gentamicin (15.2%) and chloramphenicol (7.9%) were lower (2). However, in other work with E. coli from dogs with UTI, the resistance to sulfamethoxazole + trimethoprim was similar (64.7%) but resistance to ampicillin was higher (56.8%) and resistances to ciprofloxacin (31.4%) and gentamicin (17.6%) were lower (25) . The fact that all isolates were not resistant to meropenem is interesting, since this is one of the few drugs that can be used to attack infections due to extended-spectrum -lactamaseproducing Enterobacteriaceae (ESBLs) (22) . The present study revealed the involvement of some adhesins in pathogenicity of E. coli strains isolated from dogs with urinary tract infection, and that some biochemical markers will have the potential to differentiate between E. coli isolates (originating from canine UTI) that are genetically clustered.
The results also emphasizes the zoonotic potential of some serotypes of E. coli strains isolated from UTI in dogs studied, due to involvement of same serotypes in human urinary infections.
